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1
ESD PROTECTION DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to ESD protection devices for
protecting semiconductor ICs and other electronic compo-
nents against static electricity, and more specifically, to a chip
size package (CSP-type) ESD protection device including a
functional portion provided on a silicon substrate.

2. Description of the Related Art

Various electric apparatuses, such as mobile communica-
tion terminals, digital cameras, and notebook PCs include
semiconductor integrated circuits (IC chips) which define
logic circuits, memory circuits, and other circuits. Such semi-
conductor integrated circuits are constant-voltage driving cir-
cuits that include fine wiring patterns which are provided on
a semiconductor substrate, and are therefore vulnerable to an
electrostatic discharge, such as a surge. Such semiconductor
integrated circuits are protected against electrostatic dis-
charges using ESD (Electro-Static-Discharge) protection
devices.

As described in Japanese Unexamined Patent Application
Publication No. 4-146660, Japanese Unexamined Patent
Application Publication No. 2001-244418, Japanese Unex-
amined Patent Application Publication No. 2007-013031,
and Japanese Unexamined Patent Application Publication
No. 2004-158758, ESD protection devices including ESD
protection circuits that include diodes that are provided in
semiconductor substrates are widely used. The protection
provided by a diode in an ESD protection circuit is achieved
by utilizing a breakdown phenomenon that occurs at the time
when a reverse direction voltage is applied to the diode, and
the breakdown voltage functions as an operating voltage.

Japanese Unexamined Patent Application Publication No.
2004-158758 discloses an example of a semiconductor
device including a rewiring line used to form an ESD protec-
tion device as a surface mount device. Here, a configuration of
the ESD protection device disclosed in Japanese Unexamined
Patent Application Publication No. 2004-158758 will be
described with reference to FIG. 1. FIG. 1 is a cross-sectional
view of a semiconductor device that defines the ESD protec-
tion device disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 2004-158758. The semiconductor
device includes a silicon substrate (semiconductor substrate)
1. An integrated circuit is disposed in a center portion on the
top surface of the silicon substrate 1, and a plurality of con-
nection pads 2 connected to the integrated circuit are disposed
in a periphery on the top surface. An insulating film 3 made of
silicon oxide is disposed on the top surface of the silicon
substrate 1, except for center portions of the connection pads
2. The center portions of the connection pads 2 are exposed
through openings 4 provided in the insulating film 3.

A protective film (insulating film) 5 made of organic resin,
such as polyimide, is disposed on the top surface of the
insulating film 3. The protective film 5 includes openings 6 in
portions thereof corresponding to the openings 4 in the insu-
lating film 3. The protective film 5 includes recessed portions
7 disposed in a rewiring forming region on the top surface
thereof. The recessed portions 7 communicate with the open-
ings 6.

A rewiring line 8 including an underlying metal layer 8a
and an upper metal layer 86 disposed on top of the underlying
metal layer 8a is arranged so as to extend from the top sur-
faces of the connection pads 2 exposed through the openings
4 and 6 to predetermined portions on the top surface in the
recessed portions 7 in the protective film 5.
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Pillar-shaped electrodes 10 are disposed on the top surfaces
of connection pad portions in the rewiring line 8. A sealing
film 11 is disposed on the top surface of the protective film 5,
which includes the rewiring line 8, so that the top surface of
the sealing film 11 is flush with the top surfaces of the pillar-
shaped electrodes 10. Solder balls 12 are disposed on the top
surfaces of the pillar-shaped electrodes 10.

Meanwhile, if the above-described ESD protection device
is disposed in a high-frequency circuit, a problem occurs in
that high-frequency signals are affected by the parasitic
capacitance of the diode. That is, the insertion of an ESD
protection device into a signal line may cause impedance
variations due to the parasitic capacitance of the diode, which
results in signal loss.

SUMMARY OF THE INVENTION

Preferred embodiments of the present invention provide an
ESD protection device in which the influence of the parasitic
capacitance of a diode is reduced and degradation in circuit
characteristics is reduced.

An ESD protection device according to a preferred
embodiment of the present invention includes a semiconduc-
tor substrate which includes an ESD protection circuit includ-
ing a diode and input/output electrodes that are electrically
connected to the ESD protection circuit, and a rewiring layer
including pillar-shaped post electrodes electrically connected
to the input/output electrodes and terminal electrodes,
wherein when a distance in a radial direction from a center
axis of each of the post electrodes to a side surface of the post
electrode is represented by R and an azimuth in the radial
direction is represented by 6, 6 has a range over which dR/d6
at the same height is not 0.

For example, at least one 0 for which dR/d6 at the same
height changes discontinuously with respect to 0 is obtained.

Preferably, each of the post electrodes has a polygonal
cross-section taken in a plane perpendicular to the center axis.

Preferably, each of the post electrodes has a larger cross-
sectional area (transverse cross-sectional area) taken in the
plane perpendicular to the center axis on the terminal elec-
trode side than on the input/output electrode side.

For example, the transverse cross-sectional areas of the
post electrodes are configured to increase in a continuous
manner or in incremental steps from the input/output elec-
trodes to the terminal electrodes.

Preferably, the rewiring layer includes a plurality of the
post electrodes, and an interval between adjacent post elec-
trodes among the post electrodes is greater than an interval
between interlayer wiring lines connected to the input/output
electrodes.

In addition, for example, an insulating layer is provided on
the semiconductor substrate, in-plane wiring lines electri-
cally connected to the post electrodes are provided on the
insulating layer, and interlayer wiring lines that connect the
input/output electrodes and the in-plane wiring lines are pro-
vided in the insulating layer.

In addition, the terminal electrodes preferably include at
least three terminal electrodes, and a resistor or an inductor
connected between two terminal electrodes used for a signal
line among the terminal electrodes is provided in the rewiring
layer, the post electrodes are electrically connected to the
terminal electrodes used for the signal line, and one of the post
electrodes that is electrically connected to a terminal elec-
trode used for a ground terminal among the plurality of ter-
minal electrodes is configured to have a cylindrical or sub-
stantially cylindrical shape.
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According to various preferred embodiments of the present
invention, the inductance component of a post electrode in a
rewiring layer can be increased in the high-frequency band,
and the capacitance of a diode in an ESD protection circuit
can be reduced. As a result, an ESD protection device with
low loss for high-frequency signals without a reduction in
ESD protection performance is achieved.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
ferred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a semiconductor device
defining an ESD protection device disclosed in Japanese
Unexamined Patent Application Publication No. 2004-
158758.

FIG. 2A is a cross-sectional view of a main portion of an
ESD protection device 101 according to a first preferred
embodiment of the present invention.

FIG. 2B is abottom view of the ESD protection device 101.

FIG. 3 is a perspective view of the ESD protection device
101.

FIGS. 4A and 4B are a perspective view and a cross-
sectional view of a post electrode in the ESD protection
device 101.

FIG. 5 is an example circuit diagram of a circuit that
includes the ESD protection device 101 according to the first
preferred embodiment of the present invention.

FIG. 6 is an example circuit diagram of a circuit in which
the ESD protection device 101 according to the first preferred
embodiment of the present invention is included in an antenna
portion.

FIGS.7A to 7C are diagrams illustrating a difference in the
effect of inductance which is caused by the difference in the
shape of post electrodes.

FIGS. 8A to 8C include diagrams illustrating a difference
in the effect of inductance which is caused by the difference
in the shape of post electrodes.

FIG. 9A is a diagram illustrating a configuration of the
ESD protection device 101 and a printed wiring board on
which the ESD protection device 101 is to be packaged.

FIG.9Bis adiagram illustrating a configuration of the ESD
protection device 101 which is packaged on the printed wir-
ing board.

FIGS. 10A to 10C include a circuit diagram of an ESD
protection device 102 according to a second preferred
embodiment of the present invention and equivalent circuit
diagrams thereof.

FIG. 11 is an illustration of an example of the change in
insertion loss of a filter which is affected by a common induc-
tor Lc.

FIG. 12A is a perspective view of the ESD protection
device 102 according to the second preferred embodiment of
the present invention.

FIG. 12B is a bottom view of the ESD protection device
102 according to the second preferred embodiment of the
present invention.

FIG. 13A is a cross-sectional view taken along line A-A in
FIG. 12B.

FIG. 13B is a cross-sectional view taken along line B-B in
FIG. 12B.

FIG. 14A is a diagram illustrating a configuration of the
ESD protection device 102 and a printed wiring board on
which the ESD protection device 102 is to be packaged.
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FIG. 14B is a diagram illustrating a configuration of the
ESD protection device 102 which is packaged on the printed
wiring board.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Preferred Embodiment

An ESD protection device according to a first preferred
embodiment of the present invention will be described with
reference to the drawings.

FIG. 2A is a cross-sectional view of a main portion of an
ESD protection device 101 according to the first preferred
embodiment. FIG. 2B is a bottom view of the ESD protection
device 101. Further, FIG. 3 is a perspective view of the ESD
protection device 101, and FIGS. 4A and 4B include a per-
spective view and a cross-sectional view of a post electrode.

As illustrated in FIG. 2A, the ESD protection device 101
includes a semiconductor substrate 20 including input/output
electrodes 21A and 21B, and a rewiring layer 30 provided on
a surface of the semiconductor substrate 20. Although not
shown in FIG. 2A, an ESD protection circuit is formed on or
in an outer layer of the semiconductor substrate 20, and the
input/output electrodes 21A and 21B are connected to the
ESD protection circuit. The rewiring layer 30 includes inter-
layer wiring lines 24A and 24B, in-plane wiring lines 25A
and 25B, and post electrodes 27A and 27B.

First ends of the interlayer wiring lines 24 A and 24B dis-
posed in the thickness direction are connected to the input/
output electrodes 21 A and 21B disposed on the surface of the
semiconductor substrate 20, and second ends of the interlayer
wiring lines 24A and 24B are connected to first ends of the
in-plane wiring lines 25A and 25B which are routed in plan
view. Second ends of the in-plane wiring lines 25A and 25B
are connected to first ends of the post electrodes 27A and 27B
disposed in the thickness direction.

As illustrated in FIG. 2B, two rectangular terminal elec-
trodes 28 A and 28B are provided on the bottom surface side
of'the ESD protection device 101. That is, the bottom surface
of'the ESD protection device 101 preferably has a rectangular
shape having long sides (dimension: [.1) and short sides
(dimension: W1), and each of the terminal electrodes 28A
and 28B also preferably has a rectangular shape having long
sides (dimension: W2) and short sides (dimension: .2), for
example. The short sides of the terminal electrodes 28A and
28B are parallel or substantially parallel to the long sides of
the ESD protection device, and the long sides of the terminal
electrodes 28A and 28B are parallel or substantially parallel
to the short sides of the ESD protection device 101.

The ESD protection device 101 includes diodes, such as
Schottky barrier diodes, for example, which are connected to
the input/output electrodes 21A and 21B. Each input/output
electrode is preferably defined by an aluminum pad (Al pad),
for example. An inorganic insulating layer 22 preferably
made of Si0,, for example, is disposed on the surface of the
semiconductor substrate 20 in which the ESD protection cir-
cuit is provided. The inorganic insulating layer 22 includes
openings in portions thereof at which where the Al pads are
provided. A UBM (Under Bump Metal) layer preferably
made of Ti and Cu, for example, is provided in the openings
and in areas surrounding the openings. The UBM layer
defines the interlayer wiring lines 24 A and 24B. The in-plane
wiring lines 25A and 25B, which are preferably composed of
Cu, for example, are disposed on a surface of the UBM layer.
The in-plane wiring lines 25A and 25B are routed so that the
adjacent post electrodes 27A and 27B are arranged in direc-
tions such that they are spaced apart from each other.
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Insulating adhesive layers 23 A and 23B preferably made of
polyimide, for example, are provided between the in-plane
wiring line 25A and the inorganic insulating layer 22 and
between the in-plane wiring line 25B and the inorganic insu-
lating layer 22 to improve contact between each of the in-
plane wiring lines 25A and 25B and the inorganic insulating
layer 22.

When the in-plane wiring lines 25A and 25B include first
ends and second ends which are represented by first regions
and second regions, respectively, the first regions are regions
connected to the interlayer wiring lines 24 A and 24B, and the
second regions are regions connected to the post electrodes
27A and 27B. Each of the post electrodes 27A and 27B is
arranged to stand up like a pillar in an organic insulating film
26 preferably made of epoxy-based resin, for example, and
extends in a direction perpendicular or substantially perpen-
dicular to the main surface of the semiconductor substrate 20.

As illustrated in FIG. 3 and FIGS. 4A and 4B, the post
electrodes 27A and 27B each preferably have a trapezoidal
cross-section parallel or substantially parallel to a post elec-
trode extending direction (thickness direction) such that the
area thereof on the in-plane wiring line 25A and 25B side is
smaller and the area thereof on the terminal electrode 28 A and
28B side is larger. In addition, each of the post electrodes 27A
and 27B includes a plurality of side surfaces that are different
distances from the center axis thereof. Specifically, as illus-
trated in FIG. 4B, the post electrodes 27A and 27B each
preferably include side surfaces SA which are located at a
distance A from the center axis and side surfaces SB which
are located at a distance B from the center axis, wherein
distance A>distance B, when viewing a cross section taken in
a direction perpendicular or substantially perpendicular to the
extending direction (thickness direction).

The center axes are each a line connecting the center (cen-
troid) of the end surface of the post electrode on the in-plane
wiring line 25A and 25B side and the center (centroid) of the
end surface of the post electrode on the terminal electrode
28A and 28B side.

The cross section of each of the post electrodes 27A and
278 taken in the direction perpendicular or substantially per-
pendicular to the extending direction is not limited to a rect-
angular shape, such as a square or a rectangle, and may be an
ellipse or a circle having a portion thereof cut off by a straight
line. In essence, when viewed at the same height, a post
electrode having side surfaces which are located at different
distances in the radial direction from the center axis extending
in the height direction to the side surfaces may be used. When
the point at which the center axis (Z axis) and the cross section
(X-Y plane) perpendicular or substantially perpendicular to
the Z axis intersect is represented by the origin O, an initial
line OX is taken, and the coordinates of a point P on the side
surface are expressed as (R, 0), where R (the length of the
straight line OP) represents the distance in the radial direction
from the center axis of the post electrode to the point P and 6
(the angle defined between the straight line OP and the initial
line OX) represents the azimuth in the radial direction, 6 may
have a range over which dR/d6 at the same height is not 0.

Preferably, a post electrode is configured to have a discon-
tinuous surface on at least a portion of a side surface thereof
in order to achieve the increase in inductance value over the
same high-frequency band. That is, preferably, at least one 0
for which dR/d6 at the same height changes discontinuously
with respect to 0 is obtained.

In addition, the transverse cross-sections of the post elec-
trodes 27A and 27B may preferably be shaped so as to
increase in incremental steps from the input/output electrodes
21A and 21B to the terminal electrodes 28A and 28B.
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Each of the post electrodes 27A and 27B preferably
includes a metal plating film of, for example, Ni/Au, Ni/Sn, or
other suitable metal plating film, on the terminal electrode
28A and 28B side, that is, on the surface side to be connected
to amotherboard, such as a printed wiring board, for example.
The metal plating film provided on the surface of the post
electrode 27A defines the terminal electrode 28A, which is
used for a signal line, and the metal plating film provided on
the surface of the post electrode 27B defines the terminal
electrode 28B, which is used for a ground terminal.

FIG. 5 is an example of a circuit diagram of a circuit to
which the ESD protection device 101 according to the first
preferred embodiment is applied. FIG. 6 illustrates an
example of a circuit diagram of a circuit in which the ESD
protection device 101 is applied to an antenna portion.

The ESD protection device 101 defines an ESD protection
circuit in which two Schottky barrier diodes are connected in
series face-to-face. As illustrated in FIG. 5, the ESD protec-
tion device 101 is connected between a signal line and a GND
line. For example, in the example in FIG. 6, the terminal
electrode 28A of the ESD protection device 101, which is
used for a signal line, is connected to the signal line, and the
terminal electrode 28B, which is used for a ground terminal,
is connected to the GND so as to arrange the ESD protection
device between an antenna and an RF circuit. Therefore, an
ESD transient current entering from the antenna is shunted to
ground, and the voltage at the signal line can be clampedto a
safe level.

FIGS. 7A to 8C are diagrams illustrating differences in the
effect of inductance which is caused by the differences in the
shape of post electrodes. FIG. 7A is a perspective view of a
cylindrical post electrode, FIG. 7B is a frequency character-
istic diagram of the inductance of the post electrode, and FIG.
7C is an equivalent circuit diagram of an ESD protection
device including the post electrode illustrated in FIG. 7A.
FIG. 8A is a perspective view of a prismatic post electrode,
FIG. 8B is a frequency characteristic diagram of the induc-
tance of the post electrode, and FIG. 8C is an equivalent
circuit diagram of an ESD protection device including the
post electrode illustrated in FIG. 8A.

As illustrated in FIG. 7A, if the post electrode has a cylin-
drical shape having a uniform distance in the radial direction
from the center axis thereof to the side surface thereof, the
skin effect causes a high-frequency current to primarily flow
through the skin of the side surface of the post electrode. Skin
depth depends on frequency while the inductance of the post
electrode does not significantly depend on skin depth. There-
fore, as illustrated in F1G. 7B, the inductance value of the post
electrode does not significantly depend on frequency. In the
equivalent circuit illustrated in FIG. 7C, inductors La and Lb
are inductance components of the post electrodes 27A and
27B. A capacitor C is the parasitic capacitance of the Schottky
barrier diodes illustrated in FIG. 5.

In contrast, as illustrated in FIG. 8 A, if the post electrode
has a rectangular prism shape, the skin effect causes a high-
frequency current to concentrate in the ridges thereof as fre-
quency increases. Therefore, as illustrated in FIG. 8B, the
inductance value of the post electrode is small in a low-
frequency region (surge frequency) but is large in a high-
frequency region (signal frequency band). Thus, in the
equivalent circuit illustrated in FIG. 8C, inductors La and Lb
have large values in the signal frequency band, and the influ-
ence of a capacitor (parasitic capacitance) C is reduced. That
is, the capacitive reactance of an ESD protection device can
be reduced. As a result, an ESD protection device with low
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loss for high-frequency signals which can solve inductance
mismatch without a reduction in ESD protection performance
is achieved.

In this manner, if a post electrode is configured to have
surfaces that are different distances in the radial direction
from the center axis thereof, the post electrode exhibits a
relatively large inductance value in the signal frequency band.
For this reason, with the use of the post electrode having the
shape illustrated in FIG. 4A, the capacitive reactance of the
ESD protection device 101 in the signal frequency band can
be reduced (compared to the case in which a cylindrical post
electrode is used).

FIG. 9A is a diagram illustrating a configuration of the
ESD protection device 101 and a printed wiring board on
which the ESD protection device 101 is to be packaged, and
FIG. 9B is a diagram illustrating a configuration of the ESD
protection device 101 which is packaged on the printed wir-
ing board.

As illustrated in FIG. 9A and FI1G. 9B, the ESD protection
device 101 is mounted on and fixed to pad electrodes 51 A and
51B on a printed wiring board 50 through solders 52A and
52B provided on the pad electrodes 51A and 51B, respec-
tively, using a reflow soldering method or other suitable sol-
dering method, for example. The ESD protection device 101
is an example configured as a single-channel product, and
exerts an ESD protection function on a single signal line.

In this manner, a post electrode in the rewiring layer 30
preferably has a pillar shape having a rectangular cross-sec-
tion. Thus, the inductance component of the post electrode
can be increased in the signal frequency band, and the para-
sitic capacitance of a diode in the ESD protection circuit can
be reduced. As a result, a low-loss, compact, thin ESD pro-
tection device having a small parasitic capacitance for high-
frequency signals without reduction in ESD protection per-
formance is achieved.

In addition, if a post electrode has a discontinuous surface
on at least a portion of the surface thereof (that is, an angled
portion or a corner portion), the frequency dependency upon
the inductance value of the post electrode is increased.

Furthermore, it is preferable that a conductor portion in the
rewiring layer 30 is defined by the interlayer wiring lines 24A
and 24B whose ends are connected to the input/output elec-
trodes 21A and 21B, the in-plane wiring lines 25A and 25B
whose ends are connected to the other ends of the interlayer
wiring lines 24A and 24B, and the post electrodes 27A and
278 connected to the other ends of the in-plane wiring lines
25A and 25B, because the positional flexibility of the post
electrodes 27A and 27B is increased and the flexibility in the
shape of the post electrodes 27A and 27B is also increased
accordingly. In this example, the interval between the post
electrodes 27A and 278 is preferably set to be greater than the
interval between the interlayer wiring lines 24A and 24B
connected to the input/output electrodes 21A and 21B,
respectively. This reduces the capacitance generated between
the post electrodes 27A and 27B, and an ESD protection
device having small capacitive components is achieved.

Furthermore, as illustrated in FIG. 2A, the cross-sectional
areas of the post electrodes 27A and 27B in the plane perpen-
dicular or substantially perpendicular to their center axes are
greater on the terminal electrode 28A and 28B side than on
the in-plane wiring line 25A and 25B side. In this example,
the post electrodes 27A and 27B have a shape in which the
transverse cross-sectional areas of the post electrodes 27A
and 27B continuously increase from the input/output elec-
trodes 21A and 21B to the terminal electrodes 28 A and 28B.
That is, the post electrodes 27A and 27B preferably have a
trapezoidal cross-section parallel or substantially parallel to
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the post electrode extending direction (thickness direction).
This configuration reduces the capacitance generated
between adjacent post electrodes, compared to the case in
which the overall post electrode is thin, without significantly
increasing the resistance component of the post electrode.
Moreover, since the joint area between a post electrode and a
terminal electrode is sufficiently ensured, the reliability of the
joint portion therebetween is also be ensured.

Second Preferred Embodiment

FIG. 10A is a circuit diagram of an ESD protection device
102 according to a second preferred embodiment of the
present invention, and FIG. 10B and FIG. 10C are equivalent
circuit diagrams thereof.

The ESD protection device 102 according to the second
preferred embodiment includes a filter circuit that utilizes the
parasitic capacitance of a diode. Such a filter-circuit-
equipped ESD protection device is disposed in a signal line,
thereby providing the functions of a low pass filter or a band
pass filter in addition to the ESD protection function.

As illustrated in FIG. 10A, the ESD protection device 102
according to the second preferred embodiment includes a
resistance element R disposed on a signal line, and Schottky
barrier diodes D1 and D2 arranged between the signal line
and a ground. The diodes D1 and D2 define an ESD protection
circuit, and the parasitic capacitance of the diodes D1 and D2
and the resistance element R define a n-type low pass filter
circuit. An equivalent circuit to the ESD protection device
102 can be expressed as illustrated in FIG. 10B. For example,
this device may preferably be disposed in a signal line con-
necting an antenna and an RF circuit, thereby functioning as
a low pass filter that bypasses an ESD excessive current
entering from the antenna to the ground and clamps the over-
voltage to a safe level while allowing signals in the desired
frequency band to pass therethrough.

Meanwhile, in order to configure an ESD protection device
as a surface mount device, a semiconductor chip including an
ESD protection circuit provided therein is packaged. Typical
semiconductor chip packaging structures include BGA (Ball
Grid Array) packaging using a bonding wire, and LGA (LLand
Grid Array) packaging. In particular, the WL-CSP (Wafer-
Level Chip Size Package) structure in which a rewiring layer
is formed on a semiconductor chip using a wafer process is
effective to achieve compactness. However, if this WL-CSP
structure is applied to a filter-circuit-equipped ESD protec-
tion device, problems may occur in that, for example, the
parasitic capacitance of the ESD protection device increases
and the frequency characteristics of the filter circuit are
changed depending on the structure of the rewiring layer
disposed on the semiconductor chip.

Thatis, as disclosed above with respect to the first preferred
embodiment, a post electrode includes an inductance compo-
nent. An equivalent circuit in which such inductance compo-
nents are taken into account is illustrated in FIG. 10C. Here,
an inductor La corresponds to the inductance component of a
post electrode electrically connected to a terminal electrode
28A, and an inductor Lb corresponds to the inductance com-
ponent of a post electrode electrically connected to a terminal
electrode 28B. Further, an inductor Lc corresponds to the
inductance component of a post electrode electrically con-
nected to a terminal electrode 28C.

In this manner, a circuit is obtained in which the common
inductor Lc is disposed in the ground line by post electrodes
to which the ground sides of two diodes are commonly con-
nected. Thus, a direct wave is produced in which high fre-
quency components in a signal input from a port Pin in the
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signal line are directly output to a port Pout through capaci-
tors Ca and Cb without being dropped to the ground through
the inductor Lc.

FIG. 11 is an illustration of an example of frequency char-
acteristics of insertion loss of a filter which is affected by the
common inductor Lc. A curve A depicts an insertion loss
characteristic when the inductance of the common inductor
Lcislow, and a curve B depicts an insertion loss characteristic
when the inductance of the common inductor Lc is high. In
this manner, a problem occurs in that the presence of the
common inductor L.c connected to the ground does not ensure
a sufficient attenuation in the stop band.

The ESD protection device 102 according to the second
preferred embodiment overcomes the foregoing problem.

FIG. 12A is a perspective view of the ESD protection
device 102 according to the second preferred embodiment,
and FIG. 12B is a bottom view thereof. Further, FIG. 13A is
a cross-sectional view taken along line A-A in FIG. 12B, and
FIG. 13B is a cross-sectional view taken along line B-B in
FIG. 12B. FIG. 13A is a cross-sectional view taken along the
plane which extends through the input/output electrodes 21A
and 21C and the post electrodes 27A and 27C and which is
perpendicular or substantially perpendicular to the mounting
surface of the ESD protection device 102. Further, FIG. 13B
is a cross-sectional view taken along the plane which extends
through the input/output electrodes 21A and 21B and the post
electrodes 27A and 27B and which is perpendicular or sub-
stantially perpendicular to the mounting surface of the ESD
protection device 102.

An ESD protection circuit including the diodes D1 and D2
is provided in an outer layer region of the semiconductor
substrate 20, and the resistance element R is provided in a
rewiring layer disposed on a surface of the semiconductor
substrate 20. The resistance element may be an inductance
element.

As illustrated in FIG. 13 A and FIG. 13B, the semiconduc-
tor substrate 20 includes on a surface thereof input/output
electrodes 21A, 21B, and 21C which are connected to an ESD
protection circuit. The rewiring layer 30 includes interlayer
wiring lines 24A, 24B, and 24C, in-plane wiring lines 25A,
25B, and 25C, and post electrodes 27A, 27B, and 27C. First
ends of the interlayer wiring lines 24A, 24B, and 24C are
connected to the input/output electrodes 21A, 21B, and 21C,
and second ends of the interlayer wiring lines 24A, 24B, and
24C are connected to first ends of the in-plane wiring lines
25A, 25B, and 25C. Second ends of the in-plane wiring lines
25A, 25B, and 25C are connected to one ends of the post
electrodes 27A, 27B, and 27C, and second ends of the post
electrodes 27A, 27B, and 27C are connected to terminal
electrodes 28A, 28B, and 28C to be connected to a mother-
board.

The input/output electrodes on the surface of the semicon-
ductor substrate 20 are connected to the ESD protection cir-
cuit, and are preferably defined by aluminum pads (Al pads),
for example. An inorganic insulating layer 22 preferably
made of SiO,, for example, is disposed on a main surface on
the side of the semiconductor substrate at which the Al pads
are provided, and the inorganic insulating layer 22 includes
openings in portions thereof at which the Al pads are pro-
vided. A UBM (Under Bump Metal) layer preferably made of
Ti and Cu, for example, is provided in the openings and in
areas surrounding the openings. The UBM layer defines the
interlayer wiring lines. The in-plane wiring lines 25A, 25B,
and 25C, which are preferably made of Cu, for example, are
disposed on a surface of the UBM layer. The in-plane wiring
lines 25A, 25B, and 25C are routed so that the adjacent post
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electrodes 27A, 27B, and 27C are arranged in directions such
that they are spaced apart from one another.

Insulating adhesive layers 23A, 23B, and 23C preferably
made of polyimide, for example, are disposed between the
in-plane wiring line 25A and the inorganic insulating layer
22, between the in-plane wiring line 25B and the inorganic
insulating layer 22, and between the in-plane wiring line 25C
and the inorganic insulating layer 22 to improve contact
between each in-plane wiring line layer and the inorganic
insulating layer 22.

Each of the post electrodes 27A, 27B, and 27C is caused to
stand up like a pillar in an organic insulating film 26 prefer-
ably made of epoxy-based resin, for example, and extends in
a direction perpendicular or substantially perpendicularto the
main surface of the semiconductor substrate 20. The post
electrodes 27A and 27B include non-cylindrical post elec-
trodes 27 A and 27B that connect diodes and a signal line, and
a cylindrical post electrode 27C that connects a diode and the
ground. The post electrodes 27A and 27B are configured to
have a trapezoidal cross-section parallel or substantially par-
allel to the extending direction such that first ends of the post
electrodes 27A and 27B have a smaller area and second ends
of the post electrodes 27A and 27B have a larger area. In
addition, the post electrode 27C preferably is configured so as
to have surfaces that are different distances from the center
axis thereof which extends in the extending direction, that is,
configured in a non-cylindrical shape. In contrast, the post
electrode 27C preferably has a substantially cylindrical
shape.

The cross section of each of the post electrodes 27A and
278 taken in the direction perpendicular or substantially per-
pendicular to the extending direction is not limited to a rect-
angular shape, such as a square or a rectangle, and may be an
ellipse or a circle having a portion thereof cut off by a straight
line. Preferably, a post electrode preferably includes a discon-
tinuous surface on at least a portion of a side surface thereof
in order to achieve the increase in inductance value in the
same high-frequency band.

Each of the post electrodes 27A, 27B, and 27C includes a
metal plating film preferably of Ni/Au, Ni/Sn, or other suit-
able metal, for example, on the terminal electrode 28 A, 28B,
and 28C side, that is, on the surface side to be connected to a
motherboard such as a printed wiring board. The metal plat-
ing films provided on the surfaces of the post electrodes 27A
and 27B define the terminal electrodes 28A and 28B, which
are used for a signal line, and the metal plating film provided
on the surface of the post electrode 27C define the terminal
electrode 28C, which is used for a ground terminal.

As illustrated in FIG. 12B, four rectangular or substantially
rectangular terminal electrodes 28A, 28B, 28C, and 28D
preferably are provided on the back surface side of the ESD
protection device 102. The above terminal electrodes, that is,
the terminal electrode 28A to be connected to the input side
(Pin) of the signal line, the terminal electrode 28B to be
connected to the output side (Pout) of the signal line, the
ground-terminal terminal electrode 28C to be connected to
the ground, and the NC (spare terminal) terminal electrode
28D, are arranged respectively in the four corners of the
rectangular ESD protection device 102.

FIG. 14A is a diagram illustrating a configuration of the
ESD protection device 102 and a printed wiring board on
which the ESD protection device 102 is to be packaged, and
FIG. 14B is a diagram illustrating a configuration of the ESD
protection device 102 which is packaged on the printed wir-
ing board.

As illustrated in FIG. 14A and FIG. 14B, the ESD protec-
tion device 102 is mounted on and fixed to pad electrodes
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51A, 51B on the printed wiring board 50 through solders 52A,
52B disposed on the pad electrodes 51A, 51B, respectively,
using a reflow soldering method or other suitable soldering
method, for example. The ESD protection device 102 is an
example configured as a single-channel product, and exerts
an ESD protection function on a single signal line.

In this manner, the post electrode of the ground-terminal
terminal electrode 28C to be connected to the ground prefer-
ably has a cylindrical shape. Thus, the inductance value of the
common inductor Lc in the equivalent circuit illustrated in
FIG. 10B can be reduced, and the occurrence of the notch as
indicated by the curve B illustrated in FIG. 11 can be pre-
vented. As a result, a compact, thin ESD protection device
having small parasitic capacitance for high-frequency signals
while maintaining the frequency characteristics of a filter
circuit is achieved.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing from the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

What is claimed is:

1. An ESD protection device comprising:

a semiconductor substrate that includes an ESD protection
circuit connected to a line propagating a high frequency
signal and input/output electrodes electrically con-
nected to the ESD protection circuit; and

a rewiring layer including pillar-shaped post electrodes
electrically connected to the input/output electrodes and
terminal electrodes; wherein

when a distance in a radial direction from a center axis of
each of the post electrodes to a side surface of the respec-
tive post electrode is represented by R and an azimuth in
the radial direction is represented by 0, 6 has a range
over which dR/dB at a same height of the post electrodes
is not O;

an inductance value of the post electrodes in a surge fre-
quency is less than an inductance value of the post elec-
trodes in a high frequency higher than the surge fre-
quency; and

each of the post electrodes is tapered in a direction from the
terminal electrodes to the input/output electrodes.

2. The ESD protection device according to claim 1,
wherein at least one 0 for which dR/dO at the same height
changes discontinuously with respect to 0 is obtained.

3. The ESD protection device according to claim 1,
wherein each of the post electrodes has a polygonal cross-
section taken in a plane perpendicular or substantially per-
pendicular to a direction in which the center axis extends.

4. The ESD protection device according to claim 1,
wherein each of the post electrodes has a larger cross-sec-
tional area taken in the plane perpendicular or substantially
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perpendicular to a direction in which the center axis extends
on a side of the terminal electrode than on a side of the
input/output electrode.

5. The ESD protection device according to claim 4,
wherein the cross-sectional areas of the post electrodes
increase in a continuous manner or in incremental steps from
the input/output electrodes to the terminal electrodes.

6. The ESD protection device according to claim 1,
wherein the rewiring layer includes a plurality of the post
electrodes, and an interval between adjacent ones of the plu-
rality of post electrodes is greater than an interval between
interlayer wiring lines connected to the input/output elec-
trodes.

7. The ESD protection device according to claim 1,
wherein an insulating layer is provided on the semiconductor
substrate, in-plane wiring lines electrically connected to the
post electrodes are provided on the insulating layer, and inter-
layer wiring lines that connect the input/output electrodes and
the in-plane wiring lines are provided in the insulating layer.

8. The ESD protection device according to claim 1,
wherein

the terminal electrodes include at least three terminal elec-
trodes;

a resistor or an inductor connected between two of the at
least three terminal electrodes defining a signal line is
provided in the rewiring layer;

the post electrodes are electrically connected to the two
terminal electrodes defining the signal line; and

one of the post electrodes that is electrically connected to
one of the at least three terminals defining a ground
terminal has a cylindrical or substantially cylindrical
shape.

9. The ESD protection device according to claim 1,

wherein

the ESD protection device has a rectangular or substan-
tially rectangular shape including long sides and short
sides;

each of the terminal electrodes has a rectangular or sub-
stantially rectangular shape including long sides and
short sides;

the short sides of the terminal electrodes are parallel or
substantially parallel to the long sides of the ESD pro-
tection device, and the long sides of the terminal elec-
trodes are parallel or substantially parallel to the short
sides of the ESD protection device.

10. The ESD protection device according to claim 1,
wherein each of the post electrodes has a trapezoidal cross-
section taken in a plane perpendicular or substantially per-
pendicular to a direction in which the center axis extends.
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